Self-assembly is a spontaneous but ordered arrangement of smaller building blocks [1] . During this process, the subunits combine in such a way that they finally form a constrained structure like self-assembled monolayers (SAMs) [2] . The arrangement of such fundamental building block in which intermolecular forces play a key role adsorbed on solid surfaces can be spontaneously formed from solution. The building block consist a head group, a specific terminal group and the main hydrophobic chain. The head group which co-valently links the hydrocarbon chain to the semiconductor or metallic surface is responsible for the selfassembly process [3, 4] on each type of substrate. The van der Waals and hydrophobic forces interactions among the hydrocarbon chains and also the solvent environment [5] [6] [7] [8] ensure a compact packing of the monolayers and stabilize the structure. Among the chemisorbed ordered-monolayers, n-alkanethiols adsorbed on semiconductor or metallic surfaces [9] are a most popular combination. Generally, these monolayers are deposited by spontaneous adsorption from ethanol solutions. In this study, the role of water in formation of densely packed SAMs of 16-Mercaptohexadecanoic acid (MHDA) thiol has been described.
Self-assembled monolayers of 16-Mercaptohexadecanoic acid (MHDA) thiol [10] purchased from sigma aldrichhas been prepared for this study. SAMs prepared on planar substrates like thin films of gold supported on silicon wafers in this case. These substrates are easy to prepare by physical vapor deposition (PVD) method. The resulting substrate is then immersed into a2mM solution of MHDA. The self-assembly time used to prepare SAMs on this substrate was 2 minutes.
Monolayer Preparation

Materials and Methods
To investigate the effect of water on SAMs, samples were prepared in both ethanol and ethanol-water mixture in a ratio of 7:3, 3:2 and 1:1 respectively and was used in FTIR measurements under nitrogen (N 2 ) with low signal attenuation.
Fourier transform infrared (FT-IR) spectroscopy (TENSOR II FT-IR Spectrometer with HYPERION 3000 FT-IR Microscope) measurement
The FTIR mapping, samples were kept in microscope chamber under nitrogen (N 2 ) with low signal attenuation. The estimated surface area probed with the IR beam was 30 µM during the experiment.
Fourier transform infrared (FT-IR) mapping measurement (TENSOR II FT-IR Spectrometer with HYPERION 3000 FT-IR Microscope)
The measurements were carried out with Nano Scope III AFM in the taping mode. AFM scans were performed in air and ethanol. Silicon nitride cantilevers with nominal spring constants of 0.38 and 0.12 N/m were used. The system was allowed to equilibrate prior to taking measurements. All images shown in this work correspond to unprocessed data obtained in the height mode.
Atomic force microscopy (AFM) based study
The Fourier transform infrared (FTIR) spectroscopy data (see Figure 1 ) suggests that the band responsible for asymmetric CH2 stretching vibration of SAMs appears in between 2917-2922 cm -1 and in all cases but the position varies from one sample to the other. The adsorption band at 2850 cm -1 is due to symmetric CH 2 stretching vibration of SAMs and it indicates the ordering by lateralinteraction of SAMs. The band position varies with the ordering of alkyl chains. The peak is observed at 2921.4 cm -1 when the monolayer has been prepared in degassed ethanol but the position changes to 2919.5 cm -1 , 2917.5 cm-1 and 2917.5 cm -1 when the SAM has been prepared in diluted degassed ethanol upon incorporation of degassed deionized (DI) water in a ratio of 7:3 (v/v), 3:2 (v/v) and 1:1 (v/v) respectively as shown in Figure 1 . An increase in absorbance intensity is observed when SAM has been prepared in degassed ethanol-water mixture. The absorbance is least when the solvent was ethanol only and highest when ethanol was diluted with water in 1:1 (v/v) ratio. The low frequency shift of the asymmetric CH 2 band indicates the enhancement of monolayer order [11] . The high frequency shift tells the formation of multilayer structure due to stacking of multiple monolayers. Abroadening in asymmetric band is observed [11] but it is narrower for monolayers. The uniform blue pixel intensity which is reflected from FT-IR grid measurement gives an important clue on uniform formation of SAMs. In some region it is monolayer (see Figure 2(b) ) and in some regions it contains two layers (see Figure 2(b) ) or even multilayers (see Figure 2(a) ). It depends on how the clustering of SAMs due to multiple van der Waals force of attractionis controlled by surrounded water structure (see explanations later). The increase in absorbance intensity can be due to the precipitation of thiols. To nullify the possibility of thiol precipitation, atomic force microscopy (AFM) study has been carried out. From Figure  3 it is clear that the roughness of the wafer increases upon thiolation and it increases up to ethanol to water ratio 7:3 but the roughness decreases again with further incorporation of water up to 1:1 ratio. A very high increase in roughness with the ratio 3:7 (v/v) ratio confirm that thiols get precipitated with this very high water content. Interestingly the roughness with this particular ratio (1:1 ratio) is comparable with ethanol only and it is also clear from Figure 3 and 4 as well. As the dimensions of thin layer SAMs are typically in nanometer level therefore to understand the organization and quality of SAMs roughness of surface is more important factor. Because thickness can tell only about the precipitation issue but roughness serves both the precipitation and quality control of SAMs. The response on SAM formation with 1:1 (v/v) ratio is very interesting. Thiols however, can arrange themselves around water without breaking hydrogen bonds or losing much energy and the hydrophobic molecule can interact with these water molecules with multiple van der Waals interactions, due to the small size of water molecules and flexibility in their spatial arrangement. The "hydrophobic effect" of ethanol dissolved thiols in water is primarily a consequence of changes in the clustering in the surrounding water rather than water-solute interactions. This 1:1 (v/v) ratio provides the best close packed cluster structure due to 1:1 interaction. In all other ratio either hydrophobic or hydrophilic forces dominates but in this ration the clustering is stabilized by 1:1 water-solute interaction. The long alkyl chains associate via van der Waals and hydrophobic interactions in aqueous solutions that promote organization of the stable SAMs. Initially when ethanol dissolved thiols are surrounded with water molecules the assembly of n-alkane thiols experience strong intermolecular forces between the alkane chains due to hydrophobic interaction as well as change the clustering in the surrounding water result ordering of SAMs. The increased absorbance in Figure 1 indicates the formation of densely packed monolayers. When the water content is less, the change in clustering of thiols in the surrounding water is less and moreover the randomness of the alkane chains are higher. It creates some local disorder result increase in roughness but when the water content is increases a bit the alkane chains are densely packed due to multiple van der Waals force of interaction. As a result the hydrophobic effect spatially rearrange the thiols to a densely packed cluster. So, the quality of self-assembled monolayer is strongly dependent on surrounded water structure.The roughness of the surface also decreases as it is reflected in Figure 3 and 4. But when water content is very high (i.e. ethanol to water ratio 3:7, v/v) the clustering effect collapses due to less solubility of thiols in the mixtures. A disorder is created due to precipitation of thiols. Therefore an abrupt increase in roughness (also the surface topology changes significantly) is observed and most interestingly, ethanol to water 1:1 (v/v) ratio performs the best for SAM formation.
Results and Discussion
